Use of nested polymerase chain reaction (PCR) for detection of retroviruses from formalin-fixed, paraffin-embedded uveal melanomas in cats 
I N T R O D U C T I O N
Uveal melanoma is a relatively common ocular disorder affecting cats. The tumors typically arise in the anterior stroma of the iris and are observed clinically as multifocal melanotic lesions on the anterior face of the iris. Eventually, the melanotic foci coalesce to cover the entire iridal surface, infiltrate the iridal stroma, and invade the ciliary body and sometimes the choroid. Secondary glaucoma and blindness are common sequelae, and life-threatening metastases may occur.
1±16
The feline sarcoma virus (FeSV) is a replication-defective, acutely transforming feline leukemia virus (FeLV) that has incorporated one of several cellular oncogenes. 17 The two viruses have virtually identical electron microscopic appearance, share the same code proteins, and are classified into the same subgroups (A, B and C). 18±20 The FeLV±FeSV complex of RNA viruses is known to cause a variety of diseases, including fibrosarcomas. 18 Experimental studies have demonstrated that the Gardner strain of FeSV, when injected into the anterior chamber of kittens, produces invasive anterior uveal melanomas. 21, 22 The feline immunodeficiency virus (FIV) is a retrovirus first described in 1987. 23 Although not directly linked to fibrosarcoma formation, immunodeficiency resulting from FIV infection may predispose cats to infection with other potentially transforming viruses or may result in decreased antitumor immune surveillance. 24 Thus, aggressive lymphomas have been noted at increased frequency in FIV-infected cats. 25 The study reported here was undertaken to determine whether FeLV±FeSV or FIV genes could be detected within formalin-fixed, paraffin-embedded sections of naturally occurring feline uveal melanomas.
M A T E R I A L S A N D M E T H O D S
Thirty-six blocks of formalin-fixed, paraffin-embedded enucleated feline globes, in which diffuse anterior uveal melanoma had been diagnosed, were obtained. The age of the cats ranged from 1 year to 17 years, with an average age of 10 years. The eyes were from 22 male cats and 13 females. Breeds represented were: 30 domestic short or long hair, three Siamese, one Himalayan and one Persian. Two of the globes were from the same Himalayan cat. Information regarding the systemic health of the cats, including test results for FeLV or FIV, was not available.
Tissue preparation
To avoid cornea or other tissue in which viral DNA might be present, 26 sterile no. 11 scalpel blades were used to dissect a 3-mm cubic block of tissue from only the tumor. Samples were placed in sterile bullet tubes. Paraffin was removed from the sections with two xylene extractions and one wash in absolute ethanol. The dried tissue was resuspended in 50 mM Tris/1 mM EDTA/0.5% Tween-20 buffer, and incubated overnight at 37 8C with 200 mg/mL of proteinase K. Abstract Thirty-six formalin-fixed, paraffin-embedded enucleated globes from cats with a diagnosis of diffuse anterior uveal melanoma were obtained. Sections of tumor were excised, deparaffinized, and subjected to nested polymerase chain reaction (PCR) to identify proviral DNA sequences from the feline leukemia virus (FeLV)±feline sarcoma virus (FeSV; 36 eyes), and the feline immunodeficiency virus (FIV; 18 eyes). All samples tested were negative for FIV DNA. Three samples were positive for FeLV±FeSV DNA. This is the first reported evidence of a possible link between naturally occurring feline anterior uveal melanoma and the presence of FeLV±FeSV DNA.
Samples were extracted twice with phenol:chloroform:isoamyl alcohol, and once with chloroform:isoamyl. DNA was precipitated with 3 M sodium acetate and absolute alcohol, and resuspended in water.
Polymerase chain reaction (PCR) amplification
Thirty-six uveal melanoma samples were subjected to nested polymerase chain reaction to identify high-molecular-weight FeLV±FeSV proviral DNA. Primers used for first-round PCR were: 5'-TTACTCAAGTATGTTCCCATG-3' and 5'-CTGGGGAGCCTGGAGACTGCT-3'. 27 These primers amplify a 166-bp segment encompassing nucleotides 67±232 of the FeLV long-terminal repeat (Genbank Accession nos M18247, M19392). PCR components consisted of 10 mL of template, 20 pmol of each primer, 2 units of Taq polymerase, buffer, and 200 m m of dNTPs in a volume of 50 mL. The final MgCl 2 concentration was 1.5 m M. The following cycling parameters were used: denaturation at 94 8C for 1 min, annealing at 52 8C for 1 min, and extension at 72 8C for 2 min. For the second-round PCR, 5 mL of product from the initial round of PCR was used in an identical 50 mL reaction with the following primers: 5'-GGTTAAG-CACCTGGGCCCCTG-3' and 5'-GCAGCGGCCTT-GAAACTTCTG-3'. Cycling parameters were changed to denaturation at 94 8C for 1 min, annealing at 55 8C for 30 s, and extension at 72 8C for 30 s. The resulting product was an 85-bp fragment encompassing nucleotides 126±210. The specificity of the nested fragment was verified by automated DNA sequencing of the product. The sequenced fragment had 96% homology with the expected product. As a positive control, DNA extracted from the persistently FeLV-infected cell line 3201/61E (provided by Dr James Mullins, AIDS Research and Reference Reagent Program) was included in each assay. Additionally, sections from a formalin-fixed, paraffin-embedded eye from a cat with ocular lymphosarcoma that had tested positive for FeLV was used as a positive control. Sections from this eye were consistently positive on PCR. Negative controls consisted of all reaction components except template DNA. The resultant amplicons were electrophoresed in 2% agarose gels, stained with ethidium bromide, and photographed. This PCR analysis did not differentiate between FeLV and FeSV proviral DNA.
Eighteen of the 36 uveal melanoma samples were additionally evaluated by semi-nested PCR amplification for FIV proviral DNA. First-round primers were NP 37 5'-CTACTGCTGCTGCAGCTGAA-3' and NP 38 5'-CACTGCATCCTAGCTGGTGC-3', which yielded a 485-bp product of the gag gene of FIV. Second-round primers were NP 38 and NP 39 5'-GGATGAAAGCT-TAAAGCAAC-3', which yielded a 159-bp product. 28 Other reaction components were identical to those for the FeLV PCR amplification. First-round cycling parameters were denatured at 94 8C for 5 min, followed by 35 cycles of denaturation at 94 8C for 1 min, annealing at 50 8C for 1 min, extension at 72 8C for 1 min, and a final extension period of 5 min at 72 8C. The second-round conditions were the same except that the annealing temperature was 55 8C. As a positive control 0.1 mg of plasmid DNA coding for the 34TF10 clone of FIV 29 (provided by Dr John Elder, AIDS Research and Reference Reagent Program) was used, and reaction components lacking DNA were included in each assay. Amplicons were electrophoresed in 2% agarose, stained with ethidium bromide and photographed.
R E S U L T S
All melanoma samples (18 eyes) evaluated for the presence of FIV DNA were negative. Three of the 36 samples evaluated for the presence of FeLV±FeSV DNA by nested PCR were positive (Fig. 1) .
D I S C U S S I O N
Experimental studies have clearly shown the association between FeSV and the development of anterior uveal melanoma in kittens. 21, 22 Intradermal injection of FeSV also produced melanomas of the skin in kittens. 30 The study reported here is the first evidence of a link between naturally occurring feline anterior uveal melanoma and the presence of FeLV±FeSV DNA.
FeLV/FeSV has been documented to play a role in the initiation of several types of neoplasms in cats. The virus has been most consistently associated with the development of lymphosarcoma, 27 although in the past 10 years a reduction
# 1999 American College of Veterinary Ophthalmologists, Veterinary Ophthalmology, 2, 113±116 in the prevalence of viremia has been noted in cats with lymphoma. 31, 32 This probably relates to an overall reduction in the number of FeLV-positive cats. However, conventional testing for FeLV by ELISA or fluorescent antibody may lead to an apparent lower prevalence of FeLV positive cats than truly exists. 33 Tumor cells that are FeLV negative may be positive for feline oncornavirus cell membrane antigen (FOCMA), which proves a causal role for FeLV in the development of the tumor. 34 As additional support for this, one study using PCR detected proviral DNA in formalinfixed, paraffin-embedded tumor tissue in seven of 11 FeLVnegative cats with lymphoma. 27 FeLV/FeSV genes were not detected in fibrosarcomas thought to arise from vaccination sites, 35 although the virus has been implicated in the natural occurrence of multicentric fibrosarcoma in cats. 17, 18 Feline uveal melanomas arise as multifocal pigmented areas on the anterior surface of the iris, which suggests that the presence of a viral agent could incite formation of the tumor in multiple areas, including occasionally bilateral tumors. This is in contrast to uveal melanoma in the dog, which tends to form as a focal lesion that expands, rather than multifocal lesions that eventually coalesce. 36 Data were not available on the FeLV or FIV serologic test status of the cats in this study. Therefore, no correlation can be drawn between results of blood tests for viral agents, and the presence of FeLV±FeSV genes within the melanomas.
The presence of viral particles has previously been documented within human uveal melanomas, and in one feline uveal melanoma. 37 In that study, 57 ocular melanomas (53 human, three feline, one canine) were examined by transmission electron microscopy for the presence of viral particles. Five of the human melanomas had viral particles. One tumor had herpes-like particles, one had A-type oncornavirus particles, and three had particles consistent with togavirus. One feline tumor had togavirus particles as well. In the experimental studies in which kittens developed uveal melanomas following injection of Gardner strain FeSV, C-type virus particles were noted on electron microscopy. 22, 37 These viral particles were consistently seen budding from melanoma cell membranes. In these experimental studies with FeSV, the effect of the virus on uveal melanocytes was noted to include hypertrophy, hyperplasia and atypia, following which, spindle cell, mixed cell type and epithelioid melanomas developed. Metastases were also documented.
Tumor viruses may be latent within cells for extended periods of time. These cells can function relatively undisturbed and replicate without obvious effects, unlike cells infected by cytocidal viruses. The mechanism by which FeLV may cause malignancy is by insertion of genetic material into the host cell DNA near a cellular oncogene, most commonly myc, resulting in activation and overexpression of that gene. 33 Unregulated division of that cell results, leading to a monoclonal malignancy. The virus may also incorporate the oncogene into its RNA sequence to form a recombinant virus, and insert this oncogene into every subsequently infected cell, thereby greatly enhancing its transforming potential. In a study of feline lymphomas, transduction or insertion of the myc locus occurred in 32% of 119 tumors. 38 Accordingly, it may be possible that during infection with FeLV anterior uveal cells become latently infected, with viral persistence for long periods of time, perhaps years. At some point, cellular transformation of melanocytes into malignant melanoma cells may occur, resulting in the clinical appearance of ocular neoplasia.
Although the number of samples that were positive for FeLV±FeSV proviral DNA in this study was low, this may be due to the small sample size obtained from each tumor, and to DNA degradation with formalin exposure. Additionally, viral gene copy numbers in the tumor may also be low, as no samples were positive on the initial round of FeLV± FeSV PCR. Nested PCR dramatically increases the sensitivity of the test, thereby allowing for detection of very low levels of target DNA. Additionally, the sections of tumor in this study contained large amounts of melanin. This pigment remained suspended in the DNA samples even after several extraction steps and centrifugation. It is unknown whether melanin has an inhibitory effect on the sensitivity of PCR.
Based on the results of this study, it is possible that some feline uveal melanomas may be related in a causal fashion to the presence of FeLV±FeSV, although the significance in the overall disease entity is unknown. Further studies, including those with fresh tissues, are warranted.
